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(15%) Find the general solutn:m of equation

{20%) Solve'g ' :
azéz—zi=@, .O%xéL, (>0
C?XQ ot

iSubject to :
w(0,0)=0, u(L,)=0, t>0
u(x,0) = f(x), 0< x<L

(8%) (2) Find the eigenvalues and eigenvectors of the matsix

[

(12%) (b) Solve the system X'= AX + G, where 4 is given in (a), and

8
G_[tle}t}'

(8%) (&) Find the Laplace transform of the function

()= {0 g 0si<d

{12%) (b) Use (a) to solve the initial value problem
Yi+dy=7@1);,  y0)=y(0)=0.
(15%) Evaluate [27 m__cos(6)
1+ 0.25cos(0)
Let A be a constant vector, and let R =xi+ yj+ zk.
(5%) (a) Prove that V(R-A)= A

(5%) (b) Prove that V-(R—A)=3.

xy"—4xy +6y 36In(x) =2, y(1=3.
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1. '

B n0% (a) Explain Eulerian description and Lagrangian description

" (b) What is Newtonian fluid? what is the unit of viscosity coefficient

i in the SI system?

(c) Determine the dimensions of the coefficients A and B which

appear in the dimensionally homogeneous equauon _
2

5 P o ' RS

dt’ at

= - wherexisa length and tis time -
(d) Give the restrictions on the Bernoulli equation

p +%p-V3 +pgz=constant along a streamline

/ 2, A two dlmensmnal Ve10C1[’.y field:

V=xti+(- ZKY"' 47 m/s (density= constant)
Is this an irretdational flow? Does it satisfy conunulty? If s0, what is 410

the stream functlon W ?

10

B ?/C% 3. A viscous fluid flows between two fixed parallel plates, as shown
below. The velocity pattern is u=u(y) only, and the pressure drops

linearly, p=-Cx+D. Assume the flow is laminar, two-dimensional, and

incompressibie.

(a) Show that the velocity in the y-direction v=0

15[ 15

(b) Reduce the momentum equation p— -Vp+pg +uV~ : :

B to fit this case, write down the d1fferennal equation for u(y) . S
(¢} Write down the boundary condluons
(d) Solve for u=u(y)

{e) Calculate the shear stress at each wall

20_ , i S S S S A A (65;"1 .20

I -, 5.\. P=-cxtp .
- N S | -
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4-
- %3 % (a) What is Fourier’s law of thermal conduction? )
(&) What is Stefan-Boltzmann Law?

(c) In deriving the heat conduction equation, what conservation you :
L have to consider? h
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S Explain the following terms
{0% (a) diffuse surface
(b) black surface
(c) gray surface
(give the meaning of each symbol you use )

6 Sketch the distribution of bulk temperature and surface temperature of

&,
/ % a tube
(a} in case the heat ﬂux out of the tube is constant.

I rrrret

flow
PLLLTTTT
X q = const.
— ,}, fully developed region

. enfrance region

~ (b} in case the surface temperature is constant and the entrance temperature

of the flow is higher than the surface temperature.

15%

temperature from T to .T.., for the follow cases.

(1) __< 5, @ k—>>1, k,=constant,  (3) %’z»:

5 5

lmearly with temperature.

A e
fluid fluid
hy
/—J
P
hy
) T‘

Assume =k =h, no 'heat source, steady  state.

Sketch the

k increases

infinite slab, thermal conductivity k,
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1.(30%) Consider the following linear time-invariant system
() = Ax(t) + Bu(t) N
y(t} = Cx(t) + Du(t) _
with x(tg) = x4, where A, B, C, D are n X nnxp,gxn andq X P constant matrices.
Find the time-domain solution for the state vector x(t), and the output vector y(t).
2.{30%) Describe the following terminologies:
(a). Lyapunov function
(b}. pole placement
{c). asymptotical stability
(d). bounded-input bounded-output stability
(e). estimator (or observer)
3. (20%) Consider the following system, please apply the final vatue theorem to get
the steady-state error due to system input R(s}, and disturbance D(s), respectively.

Dis)

' Controller Plant
+
T R{s) + E(s + NE
(} Gl(-f) GZ(S) vj(’—(;)-

4. (20%) Plot the s-plane pole locations for second-order control systems
Gs)= @,/ ($+2{ w,5+ ®.2)
whicl in overdamped , critically damped, underdamped , and undamped cases. And
then, draw their step responses, respectively. (¢ is damping ratio, and @, is natural

frequency)
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T. kA 323} (66%)

(1DFL(Hole) #t #4(Shaft) ey &5 T 845 ? ( 4% )

()N ABAMR A 2448 & 77 (Static loading) s » H oA KM EH

~ (Failure theory) B R ¥ & Afb 2 EE (8% )
(3)5) H % A 6 bl oAt e 2 o - (¢ 8% )

(4 )33 A A A 60 38 B (Strength) #& /1 (Stress) - ( 6% )

(5)3E A A% (Fatigue) & SR T AFEE X Heys®dg - ( D) )

(B) T 5 £ A4 2| 69 T 3 508 (S’ ) Ik AR UAF 09 IR & 38

B (Se) » HMMSe WSemA MMt « (8% )

(D& #F ROE A MM ERE Wb mF g (8% )

(8)% Hh 24 W A R - ( 5% )

1L

U
(2

)
4
)

Ml i (o2)
Why single-crystal turbine blades are more reliable than conventional casting turbine
blades? (10%)

Give schematic illustrations to show the effect of roll radius on the type of residual
stresses developed in flat rolling. (10%)

Why knowledge of the temperature rise in cutting is important? (10%)

Describe regenerative chatter (a type of self-vibration) in machining. (10%)

List the broad categories of processing methods for materials. {10%)
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